suMMARY Two cases are described in which severe mechanical haemolytic anaemia developed shortly after operation for repair ofnon-rheumatic mitral regurgitation. One patient had a "floppy" valve and the other cleft mitral leaflets, and both had chordal rupture. In both there was residual regurgitation after repair though in one this was initially only trivial. Clinically manifest haemolysis ceased after replacement of the valve by a frame-mounted xenograft. There are two previously reported cases in which haemolytic anaemia followed an unsuccessful mitral valve repair operation.
Mechanical haemolytic anaemia is well recognised as a sequel to open heart operations when there is turbulent blood flow in the presence of prosthetic material. This was first described in a patient who had had an ostium primum atrial septal defect repaired with a Teflon patch,' and later in patients with an aortic Starr-Edwards valve and a paraprosthetic leak.2 It is now known that haemolytic anaemia not uncommonly develops in patients who have had their aortic or, less often, their mitral valve replaced by a mechanical prosthesis without such a fault. Subclinical haemolysis can be detected in many of these patients who are not anaemic. Indeed, it can occur in some patients with aortic valve disease before operation. Two patients have been reported in whom haemolytic anaemia followed mitral valve repair.3 4 We have recently seen two similar patients, in both of whom the anaemia was corrected by a second operation to replace the repaired valve. * Present address: National Heart Hospital, London. t Present address: Hammersmith Hospital, London. t Present address: The Hospital for Sick Children, Great Ormond Street, London.
Received for publication 13 February 1980 Case reports CASE 1 A 53-year-old microbiology technician had rheumatic fever at the age of 9. He had been known to have a systolic murmur for at least 25 years. When first seen at the London Chest Hospital in 1966, he had no symptoms of heart disease; he was in sinus rhythm and had a loud mid-late systolic murmur (grade 4/6) with a thrill. The heart was not enlarged on the chest x-ray film and pulmonary vascularity was transfusion. On discharge (6 March) it was 14-6 g/dl.
The blood urea before operation was 59 mg/dl (9-8 mmol/l) and on discharge 71 mg/dl (11 -8 mmol/l). He remained in atrial fibrillation, but there were no signs of heart failure. There During the next year, the clinical signs of mitral regurgitation increased, with a longer and louder apical systolic murmur, and he became increasingly breathless. Concurrently, there was evidence of increasing haemolysis, with a rapid fall in haemoglobin level, and he required repeated transfusions at progressively shorter intervals-an average of 4 to 6 units a month, and during December 1977, 9 units.
At operation on 1 February 1978, the surgeon (Mr J E C Wright) again noted the floppy mitral valve with redundant cusp tissue and dilated valve ring; both leaflets were once more prolapsing allowing moderate central regurgitation. The valve was excised and replaced by a 33 mm framemounted xenograft valve (Carpentier-Edwards). After operation, the haemoglobin remained above 12-9 g/dl and no further transfusion was necessary. In the two subsequent years, he has remained well with a haemoglobin level of 13-3 to 14-8 g/dl, and a reticulocyte count repeatedly less than 1 per cent. The blood film is normal, with no fragmented red cells. The red cell half-life (51Cr) is now 23 days. Serum haptoglobins are normal (more than 1-0 g/l), and tests for urinary haemosiderin negative.
The xenograft valve remains competent, with no audible murmur, though atrial fibrillation recurred and digoxin has been continued. CASE 
2
A 67-year-old woman was first seen in July 1977 when she gave a one-week history of breathlessness.
She was found to be in fast atrial flutter and had signs of severe mitral regurgitation. The chest x-ray film showed a slightly enlarged heart and pulmonary venous congestion. She improved with treatment, and sinus rhythm returned. She was anticoagulated with warfarin after an episode of pulmonary infarction and also received frusemide, amiloride, and propranolol.
Cardiac catheterisation and left ventriculography showed pure severe mitral regurgitation with a pulmonary artery pressure of 45/20 mmHg, a 50 mm v wave in the pulmonary artery wedge pressure record, and no mitral diastolic gradient. Coronary arteriograms were normal.
At operation (Mr J E C Wright) on 23 January 1978, she was found to have a congenitally abnormal mitral valve with a cleft posterior leaflet and a minor cleft also of the anterior leaflet. There were ruptured chordae to the posteromedial portion of the posterior leaflet which was prolapsing. This was plicated, obliterating the cleft and prolapsing segment. The postoperative course was uneventful. The haemoglobin level was 14-6 g/dl before and did not fall below 129 g/dl after operation. An apical systolic murmur was still audible.
In March 1978, she again had signs of severe mitral regurgitation and was in right-sided heart failure. She was found to be severely anaemic.
Investigations showed: haemoglobin 8-8 g/dl, red blood cells 3-2 x 1012/1, white blood cells 6 Severe haemolytic anaemia became manifest within two months of operation in case 2 who already had signs of severe recurrent mitral regurgitation resulting from further chordal rupture. In case 1, haemolytic anaemia was recognised four months after the mitral repair procedure at a time when he had clinical signs of only minimal mitral regurgitation, and a year later left ventriculography showed that reflux was still only slight. His condition remained stable until two years after operation, but then clinical signs of increasing mitral regurgitation were accompanied by increasing severity of the haemolytic process.
The haemolytic nature of the anaemia in our cases was established by the high reticulocyte count, increased hydroxybutyric dehydrogenase and lactic dehydrogenase, the presence of urobilinogen and haemosiderin in the urine, and the shortened red cell survival time. In neither case is clinically manifest haemolysis now evident, the haemoglobin level remaining within normal limits with no increase in reticulocyte count. The red cell half-life is normal in case 2 and very slightly reduced in case 1; reduced serum haptoglobin levels and weakly positive tests for urinary haemosiderin are, however, evidence of continuing subclinical haemolysis in case 2.
Anaemia developing after cardiac surgical operations as a result of mechanical haemolysis was first reported by Sayed et al.1 in a patient who had had an ostium primum atrial septal defect closed with a patch of Teflon felt, without repair of the cleft anterior mitral leaflet; overt haemolysis ceased after reoperation when exposed Teflon was covered with endothelium. A further five cases of haemolytic anaemia after repair of ostium primum defects were described by Sigler et al.5 and Verdon et al. 6 In all of these the defect had been repaired with a Teflon patch and the cleft mitral leaflet sutured. At reoperation in three of these cases the anterior leaflet of the mitral valve was found to be detached from the Teflon patch used for repair, and in another the patch itself was partially detached; in two6 the patch was only partially endothelialised. Only two patients survived their second operation5 6: one was unimproved and at later necropsy there was still an incompetent mitral valve and exposed Teflon; the other was cured by a successful repair operation.
Haemolytic anaemia was first reported in patients after aortic valve replacement by mechanical prostheses in association with paraprosthetic regurgitation,2 7 8 but it soon became apparent that this occurred commonly with competent as well as leaking prostheses9-" and also, but less often, after mitral valve replacement.13 15 25 26 In some patients, reduced haptoglobin levels and fragmented red cells may be the only evidence of haemolysis, and red cell survival times may be normal. 27 We have found only two previous reports of the development of clinically important haemolytic anaemia in patients with mitral regurgitation, and in both cases this followed a repair operation. Ziperovich and Paley3 described a patient with rheumatic heart disease who developed mitral regurgitation after a closed mitral valvotomy; massive mitral regurgitation recurred after mitral valve repair (using Tevdek sutures) and severe haemolytic anaemia then developed, with reticulocytosis (13%), jaundice, methaemalbuminaemia, haemoglobinuria, and absent haptoglobins. Clinical haemolysis ceased after replacement of the valve by a Starr-Edwards prosthesis, but serum haptoglobins were still low. Moisey et al.4 observed the development of severe haemolytic anaemia within three weeks of an unsuccessful operation for repair of a cleft mitral anterior leaflet (with polyester sutures) in a 4-year-old child who had previously had a coarctation resected. At reoperation a "loose suture" was observed; after replacement of the valve by a Starr-Edwards prosthesis, haemolytic anaemia did not return, though the red cell halflife was still reduced.
Three of the four cases described (these two and one of our own) still had severe mitral regurgitation after the repair procedure at the time when the haemolytic anaemia became manifest, though our first patient had only trivial mitral regurgitation when he first became anaemic, much less than before operation. Since haemolytic anaemia rarely, if ever, occurs in patients with unoperated mitral regurgitation it is difficult to escape the conclusion that even polyester or Teflon suture material, if critically placed in the path of turbulent blood flow, can increase the damaging effect of turbulence on circulating red cells sufficiently to cause clinically apparent haemolysis. It is possible that the nonrheumatic mitral valve cusp after repair retains sufficient mobility and flexibility to inhibit the growth of "endothelium" over the suture material, though in our cases no observations were made to substantiate this at the time of reoperation. In all four cases replacement of the repaired valve by a prosthesis or zenograft abolished the anaemia, though evidence of subclinical haemolysis was still present in three.
